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(54) Improvements in or relating to smart antenna arrays

(57)  The presentinvention relates to a beamforming
method for smart antenna arrays, and in particular re-
lates to a beamforming method for smart two-dimen-
sional antennas. Smart antennas employ arrays of low
gain antennas connected to a combining/beamforming
network. Smart antennas can provide enhanced cover-
age through range extension, hole filling and improved
building penetration. By improving transmission and re-
ception at the base station, the tolerable path losses can
be increased whereby the range of the base station can

be improved. A first aspect of the invention thus provides
a method of generating low sidelobe beampatterns for
2-dimensional arrays. A further aspect addresses the
feedback signalling techniques which are presently be-
ing considered by standard bodies for four antennas in
large arrays. The invention is suitable for CDMA wire-
less cellular systems, as presently determined for third
generation cellular wireless networks, and other wire-
less systems such as TDMA systems and wireless
LANSs.
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Description

Field of the Invention

[0001] This invention relates to a beamforming meth-
od for smart antenna arrays, and in particular relates to
a beamforming method for vertically oriented smart an-
tennas arranged in two-dimensional arrays.

Background to the Invention

[0002] Smart antenna arrays, otherwise known as
adaptive antenna arrays, comprise of low gain antennas
connected to a combining/beamforming network. Smart
antennas can provide enhanced coverage through
range extension, hole filling and improved building pen-
etration. By improving transmission and reception at the
base station, the tolerable path losses can be increased
whereby the range of the base station can be improved.
By using smart antennas at the base station, initial de-
ployment costs of a wireless network can be reduced:
with the development in system usage, system capacity
can be increased by adding additional cell sites and de-
creasing the range of existing base stations.

[0003] Digital beamforming, whereby smart antenna
arrays are conveniently implemented, is considered as
one of the most promising techniques for forthcoming
mobile telecommunications networks such as UMTS
networks. Linear and planar antenna arrays are normal-
ly considered as candidate antenna types, since they
produce low sidelobe levels with respect to other types
of antenna such as the circular array. If a communica-
tions antenna array produces high sidelobes in the
beampattern, it will cause strong interfering signals to
mobile terminals in some directions, which can be a se-
vere problem for downlink transmission.

[0004] In the current UTRAN specification (R'99),
there is a transmit diversity scheme based on the feed-
back from mobile terminals. The idea is to transmit dif-
ferent signals of constant power from two different an-
tennas to all the mobile terminals in a cell. The mobile
terminals report the signal magnitude and phase to the
base station periodically, upon which the base station
adjusts its antenna weights for the transmission of ded-
icated signals. Currently, within 3GPP, there is a plan to
extend the transmit diversity scheme to four antennas,
but it is, at present, unlikely that such a technique will
ever be extended further to a greater number of anten-
nas.

Object of the invention

[0005] The present invention seeks to provide an im-
proved antenna arrangement suitable for use in a cellu-
lar base station. The present invention further seeks to
provide an antenna arrangement operable to increase
the capacity of a cellular communications base station.
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Statement of the Invention

[0006] In accordance with a first aspect of the inven-
tion, there is provided a smart antenna basestation ar-
rangement comprising a 2-dimensional array of anten-
nas, which antenna elements provide omni-directional
beam coverage in the horizontal plane, wherein:

stored beamforming weight sets optimised for spe-
cific beam directions are operable to enable the ar-
ray to generate directional downlink beams.

[0007] Preferably the array has a physical periodicity
whereby to reduce the number of principal weight sets
for specific beam directions. This periodicity can con-
veniently comprise a small angular range for a regular
circular array of many antennas, a 90° angular range for
a balanced square array, a 120° angular range for a reg-
ular triangle and a 180° angular range for a rectangle,
for example, the specific beam directions being associ-
ated with an angular range. In a case where the array
comprises a circular array with regular spacing between
the elements, for angles between the selected beam-
forming weights, the weights can be determined by
means of rotation and/or interpolation. That is to say,
instead of having a single weight set to cover all angles
of beam direction about the antenna, there is a weight
set for a limited arc, e.g. 30° - such a weight set can be
rotated in 30° steps, twelve times to provide 360° cov-
erage about the antenna. If the 3dB beamwidth is less
than 20°, then interpolation is required for angles be-
tween the period.

[0008] In accordance with a further aspect of the in-
vention, there is provided a base station arrangement
operable to exploit the feedback signalling technique
proposed in 3GPP. This technique has been developed
specifically for downlink beamforming in UTRAN, but
they can also be used for uplink beamforming as well
as in other wireless systems. A pilot (common control
channel) signal may be transmitted by one antenna for
a sub-array: feedback signals may be employed to as-
sist the determination of an appropriate weight set.
[0009] A first aspect of the invention thus provides an
arrangement operable to generate low sidelobe beam-
patterns for 2-dimensional arrays. A further aspect ad-
dresses the feedback signalling technique presently be-
ing considered by 3GPP for four antennas in large ar-
rays. The invention is suitable for CDMA wireless cellu-
lar systems, as presently determined for third genera-
tion cellular wireless networks, and other wireless sys-
tems such as TDMA systems and wireless LANSs.
[0010] A regular two dimensional array of omni-direc-
tional antennas and, in particular the circular array, has
a number of advantages over linear and planar arrays
for the application of smart antennas in wireless cellular
networks. If elements with omni-directional patterns in
the horizontal plane are used, every antenna element,
or at least a high proportion of the antenna elements,
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will be able to contribute to the transmission and recep-
tion of radio signals, thus resulting in the benefits, inter
alia, of: low cost of linear power amplifiers (LPA) due to
lower power handling requirements; higher antenna
gain; higher spatial diversity gain due to antenna distri-
bution, and; signalling for soft (intersector) handover is
redundant, which provides a further capacity increase.
[0011] The present invention therefore can assist in
the realisation of advantages with omni-directional
smart antennas based on 2-dimensional arrays. For ex-
ample, the present invention provides, in one embodi-
ment, a circular antenna array with low sidelobes in the
beampattern, thus reducing interference to other users
and enabling the use of SDMA; enabling higher down-
link capacity; allowing the coexistence of higher data
rate services with voice services; and making it possible
to apply the 3GPP feedback technique for four antennas
to large arrays of vertically oriented omni-directional an-
tennas, the arrays being linear (in two dimensions), cir-
cular or planar.

Brief description of the figures

[0012] The invention may be understood more readi-
ly, and various other aspects and features of the inven-
tion may become apparent from consideration of the fol-
lowing description and the figures as shown in the ac-
companying drawing sheets, wherein:

Figure 1 shows beampattern examples of a circular
array;

Figure 2 shows a 2-dimendional arrangement of
omni-directional antennas arranged in a circle;
Figure 3 shows a 2-dimensional arrangement of
omni-directional antennas arranged in a square;
Figure 4 shows a basic adaptive beamformer con-
figuration;

Figure 5 shows a main beam array pattern interpo-
lation/rotation scale;

Figure 6 shows a flow chart relating to beamforming
in accordance with a first aspect of the invention;
Figure 7 shows a flow chart relating to a second as-
pect of the invention;

Figures 8 a and b show some low sidelobe patterns
in the horizontal plane from an omni-directional an-
tenna array, at a frequency of 2 GHz;

Figure 9 illustrates sub-arrays of a circular array;
Figure 10 illustrates a beamformer made in accord-
ance with a further aspect of the present invention.
Figures 11-13 are flow charts relating to the opera-
tion of a beamformer in accordance with further as-
pects of the invention.

Detailed description of the invention

[0013] There will now be described, by way of exam-
ple, the best mode contemplated by the inventors for
carrying out the invention. In the following description,
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numerous specific details are set out in order to provide
a complete understanding of the present invention. It will
be apparent, however, to those skilled in the art, that the
present invention may be put into practise with varia-
tions of this specific.

[0014] Hitherto, the use of circular arrays has been
limited since most beamforming algorithms tend to gen-
erate high sidelobes when used for circular arrays, thus
causing strong interference to other mobiles and limiting
the use of spatial domain multiple access (SDMA). The
use of other types of 2-dimensional arrays, not being
circular, certainly has not been publicised, but would al-
so suffer from similar problems. Referring to Figure 1,
there is shown some beampatterns of Siemens'
TD-SCDMA circular antenna array. It is seen that the
sidelobe level (of directional beams) can be as high as
-4dB, whereas it is not difficult to achieve -12dB sidelobe
level for a linear array. The problem is especially severe
for W-CDMA networks as code shortage in the downlink
effectively limits the data rate. A reference pattern, sub-
stantially uniform in all directions is shown, provided by
a single omni-directional antenna.

[0015] The beampattern of an antenna array is deter-
mined to a large extent by the beamforming weights. For
linear arrays, there are a number of well-known weight
distribution functions which produce low sidelobes, such
as Taylor and Chebyshev distributions. For non-linear
arrays, unfortunately, there is no easy solution. In theo-
ry, given the constraint conditions and objective func-
tion, the weights of an array can be optimised in real
time by the use of optimisation methods. In practice,
however, such a technique is difficult to implement due
to the excessive demand on the signal processing pow-
er.

[0016] Referring now to Figure 2, the present inven-
tion provides, in a first embodiment, a periodic circular
array of omnidirectional antennas; a beamforming
means is operable to generate a group of optimised pat-
terns with low sidelobes in the angular directions be-
tween any two adjacent elements, in the horizontal
plane, to cover an angular range. In order to cover a
range of 360°, only a small weight set operable to cover
an angular period is required: each angular period be-
tween adjacent antennas is a repetition in terms of the
weight applied to other angular periods about a central
axis of the antenna arrangement. For example a weight
set comprising a weight for a beam to be formed in a
radial direction from one antenna element together with
weights for a number of angles between that antenna
element and one of its adjacent antenna elements can
be stored to cover one twelfth of the area about the base
station: rotation of the weight set twelve times over 360°
provides coverage for the whole space surrounding the
antenna arrangement. Such an optimum group of
beamforming weight sets can be stored in a buffer or
other ROM device. The optimum weight set can be used
in any other direction by interpolation and rotation of the
weight assignment.
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[0017] Figure 3 shows an antenna arrangement with
the antenna elements, being omni-directional in the hor-
izontal plane, arranged in a square. There are four 90°
angular periods of rotational symmetry: rotation of the
weight set four times over 360° provides coverage for
the whole space surrounding the antenna arrangement.
[0018] The direction of the downlink beam needs to
be determined. This information can be obtained in a
number of ways: for example feedback signal may dis-
close the position by virtue of the Global Positioning
System (GPS), by triangulation through the network or
the base station itself, as is known. When the downlink
beamforming is needed and the direction of the beam
is given, a weight set is assigned based on the stored
optimum weight set group, and a beampattern with
guaranteed low sidelobe level is produced.

[0019] Figure 4 shows a schematic configuration of
the downlink beamformer; only four antenna elements
40 are shown here, but the beamformer 42 takes into
account the direction of arrival of signals 44 which are
obtained from a mobile with which it is desired to com-
municate; weight information is obtained from a ROM
46 or similar. The signals from the beamformer are ap-
plied to the antenna input feed by way of multipliers 48.
When communication is desired, stored weights corre-
sponding to the directions are obtained; rotation or ro-
tation and interpolation data is factored in and the sig-
nals to the antennas are appropriately weighted.
[0020] Figure 5 shows how a 360° angular range, be-
ing part of an omni-directional beam is divided into 12
'n1" main beams: for example corresponding to the
twelve antenna directions of the circular arrangement of
Figure 2. In a simple case, it may be that the rotation of
the main beam into any one of twelve antenna directions
may be sufficient, then reference need not be made to
the n2 weights to provide intermediate beams. Never-
theless n2 intermediate beams would need to be relied
upon if the 3dB beamwidth was less than 30°, for a
twelve beam arrangement. The example of Figure 5
shows four intermediate beams.

[0021] Figure 6 shows a first flowchart, also with ref-
erence to Figure 4, where direction of arrival of feed
back data from a mobile of a mobile user with whom
communication is desired is received by processor 44:
the nearest discrete angles relative to a reference are
determined. Beamformer 42 refers to stored weight data
in ROM 46. In this Figure the direction of arrival (DoA)
information corresponds with a main beam direction, the
3dB beamwidth being such that only rotation of the main
beam is required to enable all areas of the cell to be
covered. Note, however, that it is possible to determine
main beam directions which are independent of any pe-
riodicity of the two dimensional array. It will be appreci-
ated that, if the beamwidth is sufficiently broad or there
are sufficient stored weights, it is advantageous not to
have interpolation between main beam directions since
non-regular interpolation can make calculations more
difficult or require more processing power/more memo-
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ry.
[0022] Figure 7 shows a second flow chart. As in the
case of Figure 6 DoA information is processed to deter-
mine the nearest discrete angle relative to a reference
(step 2). An interpolation weight setindex must be relied
upon to determine, together with the rotation weights,
an interpolated and rotated main beam (steps 3 - 5). As
with Figure 6, the signals drive beamformer multipliers
42. Figures 8a & b show two optimised low-sidelobe
beampatterns. It will be appreciated that the sidelobes
are low, being less than -12 dB.

[0023] In the R'99 UTRAN specification, a feedback
mechanism was introduced to assist the transmit diver-
sity technique employing two antennas. The concept is
to transmit downlink signals of constant power from two
different antennas using different scrambling codes to
all the mobiles in the common channels and then to
adapt the antenna weights for dedicated channels ac-
cording to the feedback received from the intended mo-
bile. Currently, there is great commercial interest in pro-
posals to introduce feedback signalling to four anten-
nas. Such feedback information enables adaptive
beamforming for arrays with four elements. On the one
hand, owing to the limited bandwidth for signalling, it is
unlikely that any signalling mechanism for more than
four antennas will be ever introduced. On the other
hand, circular arrays for cellular networks need at least
eight antennas to achieve significant array gain. Also, it
is conceivable that linear antenna arrays consisting of
more than four elements will be used in future UTRAN
products. Therefore, new beamforming techniques
which enable the exploitation of the current feedback
signalling scheme, which are limited to two and four an-
tennas, for large arrays are needed.

[0024] Referring now to Figure 9, there is shown fur-
ther embodiment of the present invention. A large an-
tenna array is divided into a small number of groups
called sub-arrays, in this case four groups, comprising,
for example, two to ten elements, in this case three an-
tenna elements each. Because antenna elements in
each sub-array are closely spaced, an antenna element
from each array can be chosen as a pilot antenna to
transmit different signals as with the transmit diversity
scheme. The feedback signal from the intended mobile
is then used to place the constraint on the weights of
each sub-array for the transmission of dedicated sig-
nals.

[0025] The magnitude information can be used to set
the range for the magnitudes of sub-array weights and
then to optimise all the antenna weights subject to such
constraints. Alternatively, such magnitude information
could be used to fix the magnitudes of each sub-array;
weights and the phases of all the antenna weights are
subsequently determined to optimise the beams. As dis-
cussed above, a direction finding function is required to
perform such optimisation.

[0026] The optimum beam can either be generated in
real time, provided that adequate signal processing
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power is available, or chosen from a prestored optimum
set as described above. Figure 10 shows the configura-
tion of such a downlink beamformer, 70, where four pilot
antennas, 71 p1...71p4 are used. The signalling for the
downlink beams is controlled by unit 77: feedback from
the mobiles is interpreted in unit 73 and data is used
from unit 73 together with data from stored weight mem-
ory 76 and direction of arrival data from unit 74 in a
weight assignment unit 75. Signals from the weight as-
signment unit are fed to the multiplier units in the input
transmission line to the antennas. The beamformer cor-
responds to one suitable for the arrangement of anten-
nas shown in Figure 9, but only seven antennas are
shown in the figure with the pilot antennas 71 p1-71 p4
of Figure 10 corresponding to pilot antennas 1, 2, 3 and
4 of Figure 2, the total number of antennas will vary, de-
pending upon the type of antenna employed, be it a cir-
cular array, for example, where the number is likely to
be eight, twelve or sixteen in practice.

[0027] Referring now to Figure 11, there is shown a
flowchart which depicts the operation of the further as-
pect of the invention relating to pilot antennas. Essen-
tially, the antenna array is grouped into a number of sub-
arrays, for example each sub-array associated with a
90° period about an omni-directional cell-site, with one
or more pilot antennas from each sub-group being op-
erable to broadcast pilot signals. The use of only one or
only a small number of the antenna elements of a sub-
array reduces the bandwidth required for signalling.
Feedback received from a mobile in the area of cover-
age is used as constrain conditions for the optimisation
of beamforming weights; no assumption on the antenna
elements or array arrangement is made.

[0028] A detailed description will now follow: Each pi-
lot antenna from each group of sub-arrays broadcasts
pilot signals (step i). Mobile telephones active within the
area of coverage measure the pilot signals in terms of
signal phase and magnitude (step ii), which information
is returned to the base transceiver station (BTS) (step
iii). The beam forming weights are then optimised taking
into account the constraint of the feedback and direction
of arrival (DoA) information (step iv), which weights are
passed to the beamforming means, which can conven-
iently take the form of multipliers.

[0029] Figure 12 shows a preferred means of imple-
menting the general concept shown in Figure 11. For
each discrete angle, which is represented by index my,
there is a number of pre-optimised weights correspond-
ing to different feedback combinations which is denoted
by index m,. The number of pre-optimised weights could
conveniently correspond with the main beams de-
scribed above, with further pre-optimised weights for the
interpolation beam directions, as appropriate.

[0030] In Figure 13, a third index mj is introduced to
reflect the fact that there may be a certain symmetry/
periodicity associated with the arrangement which can
usefully be exploited, so that the number of stored
weights can be reduced and, subsequently, an opera-
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tion of rotation or reflection can be implemented.

Claims

1. Asmartantenna basestation arrangement compris-
ing a 2-dimensional array of omni-directional anten-
na elements wherein:

stored beamforming weight sets optimised for
specific beam directions are operable to enable
the array to generate directional downlink
beams.

2. An arrangement according to claim 1 wherein the
array has a physical periodicity whereby to reduce
the number of principal weight sets for specific
beam directions and whereby secondary weight
sets are obtained by rotation.

3. An arrangement according to claim 1 wherein a
number of angular directions are selected within an
angle formed between two adjacent elements
whereby to obtain a basic weight set group.

4. An arrangement according to claim 2 or 3 wherein,
for angles between specific beam directions and
periodic rotations thereof, the angles being either
between a principal and a secondary angle or be-
tween adjacent secondary angles, the beamform-
ing weights being determined by means of interpo-
lation.

5. An arrangement according to claim 1 wherein the
array comprises a circular array with a regular
space in between the antenna elements.

6. An arrangement according to claim 1 wherein the
array comprises a square array.

7. An arrangement according to claim 1 wherein the
antenna array comprises antenna elements, subdi-
vided into a number of sub-arrays wherein:

a pilot antenna element from each sub-array is
operable to broadcast common control channel
signals, the array being operable to receive any
feedback signals returned by mobile terminals
in the area of coverage of the basestation;

the arrangement being operable to apply stored
weight data and direction of arrival data togeth-
er with feedback range data to enable the array
to generate directional downlink beams in the
direction of said mobile terminal.

8. An arrangement according to claim 7 wherein se-
lected elements from each sub-array are operable
to broadcast common control channel signals.
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The arrangement according to claim 7 or 8 wherein
the feedback signals provide data regarding the
amplitude and phase of the signal transmitted from
each pilot antenna element.

An arrangement according to claim 7 wherein the
feedback signal assists in the optimisation of the
amplitude and phase for the beamforming weights
to be assigned for dedicated channels.

An arrangement according to claim 7 wherein the
feedback signal assists in the optimisation of the
phase for the beamforming weights to be assigned
for dedicated channels.

An arrangement according to claim 7 wherein the
feedback signal assists in the optimisation of the
amplitude for the beamforming weights to be as-
signed for dedicated channels.

An arrangement according to claim 7 wherein
phase information of the feedback signal is used to
determine the phase of the pilot antenna weights.

An arrangement according to claim 7 wherein mag-
nitude information of the feedback signal is used to
assist the beam optimisation for dedicated chan-
nels.

A method of operating a smart antenna basestation
arrangement comprising a 2-dimensional array of
omni-directional antennas comprising the step of:

storing beamforming weight sets optimised for
specific beam directions whereby to enable the
array to generate directional downlink beams.

A method according to claim 15 wherein the array
has a physical periodicity whereby the method fur-
ther comprises:: obtaining secondary weight sets
by rotation whereby to reduce the number of princi-
pal weight sets for specific beam directions.

A method according to claim 15, comprising the
step of selecting a number of angular directions
within an angle formed between two adjacent ele-
ments whereby to obtain a basic weight set group.

A method according to claim 16 or 17 wherein, for
angles between specific beam directions and peri-
odic rotations thereof a principal and secondary an-
gles or between adjacent secondary angles, the
beamforming weights are determined by means of
interpolation.
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